EPIDEMIOLOGIC, CLINICAL, and pathological studies have shown that human exposure to silica is associated with the development of pulmonary diseases such as silicosis and chronic bronchitis as well as an increased risk of lung cancer (2, 27) . The International Agency for Research on Cancer has classified crystalline silica as a class 1 human carcinogen (17) . However, the molecular mechanisms by which silica causes such diseases are not well understood. Previous studies have shown that freshly fractured silica is able to generate reactive oxygen species (ROS) including superoxide anion radicals (O 2 Ϫ ⅐), hydrogen peroxide (H 2 O 2 ), hydroxyl radicals (⅐OH), and silicon-based free radicals (Si⅐, SiO⅐, SiOO⅐) in cells (32, 33) . These oxygen radicals have been shown to be associated with silica-induced lipid peroxidation, membrane damage, and DNA damage (6, 33) . In addition, it has been shown that silica-induced oxidative stress can trigger phosphorylation of the mitogen-activated protein kinases (MAPKs) ERKs and p38, activate specific transcription factors including nuclear transcription factor B (NF-B) and activator protein-1 (AP-1), and, additionally, increase the expression of the inflammatory cytokine tumor necrosis factor-␣ (TNF-␣) (7, 8, 11, 16, 29) . TNF-␣ is expressed in multiple cell types and plays an important role in the pathogenesis of silicosis and other chronic inflammatory lung diseases. Therefore, it is of great importance to understand the mechanisms of the TNF-␣ induction following silica exposure. It is well known that the transcription factor nuclear factor of activated T cells (NFAT) plays a key role in the regulation of TNF-␣, and the binding sites of NFAT have been found in the promoter region of TNF-␣ gene (34) . However, the effect of silica on NFAT and its subsequent biological consequences have not been investigated.
Originally identified in T cells as an inducer of cytokine gene expression, NFAT was later found to exist in a variety of lymphoid and nonlymphoid cells, where it has been shown to play various roles in cells outside the immune system (i.e., cancer development) (4, 26) . In the transcription factor NFAT family, which mainly includes NFAT1/NFATc2/NFATp, NFAT2/NFATc1/NFATc, NFAT3/NFATc4, NFAT4/NFATc3/ NFATx, and NFAT5, NFAT3 is primarily expressed in nonimmune tissues and has been implicated in multiple biological processes (26) . Nevertheless, all NFAT members contain three functional domains: the Rel similarity domain, which is responsible for DNA-binding activity and interaction with other transcription factors; the NFAT homology region, which regulates intracellular localization; and the transcriptional activation domain (26) . In resting cells, NFAT proteins are phosphorylated as an inactive form and reside in the cytoplasm (26) . Upon stimulation, NFAT proteins are dephosphorylated by calcineurin phosphatase, thereby leading to their translocation to the nucleus. Once in the nucleus, NFAT proteins become transcriptionally active and interact with other transcription factors to cause the expression of their target genes, including many immunologically important genes, such as TNF-␣, interleukin (IL)-2, IL-4, and IL-5 (26) . Cessation of the stimulation causes NFAT proteins to be rephosphorylated and translocated back to the cytoplasm, resulting in the termination of their activities. Cyclosporin A (CsA), a pharmacological inhibitor of calcineurin phosphatase, can inhibit NFAT activation by blocking its dephosphorylation, nuclear translocation, and DNA binding activity (21) . On the other hand, recent studies reported that environmental contaminants such as asbestos, vanadium, and nickel compounds were able to activate NFAT, with ROS working as the likely mediator of its activation (12, 13, 19) .
Given the importance of NFAT on TNF-␣ expression, in this study we investigated the effects of silica on NFAT activation and the role of NFAT activation in silica-induced TNF-␣ transcription in mouse Cl41 cells. The role of ROS in silicainduced NFAT activation and TNF-␣ was also examined.
MATERIALS AND METHODS
Plasmids and reagents. CMV-neo and NFAT-luciferase reporter plasmids were constructed as described in previous reports (15, 28) . TNF-␣-luciferase reporter plasmid containing human TNF-␣ promoter (Ϫ1260/ϩ60) was a generous gift from Dr. Peter Johnson (National Cancer Institute, Frederick, MD) as described in previous studies (37) . Fetal bovine serum (FBS) and Eagle's minimum essential medium (MEM) were purchased from BioWhittaker (Walkersville, MD). The substrate for the luciferase assay was purchased from Promega (Madison, WI). LipofectAMINE and G418 were obtained from GIBCO-BRL (Rockville, MD). CsA was purchased from Alexis Biochemicals (San Diego, CA); dihydroethidium was purchased from Molecular Probes (Eugene, OR). N-acetyl-L-cysteine (NAC), superoxide dismutase (SOD), catalase, and sodium formate were purchased from Sigma (St. Louis, MO); Specific antibodies against NFAT3, c-Jun, PKC-␣, and GAPDH were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
Preparation of freshly fractured silica. Crystalline silica was obtained from the Genetic Center, Pennsylvania State University (State College, PA). Detailed methods for preparation of freshly fractured silica were described in a previous study (7) . Briefly, crystalline silica (0.2-10 mm in diameter) was ground for 30 min with a ball grinder equipped with agate mortar and balls. The ground silica was sieved through a 10-m mesh filter for 20 min before use. Purity was checked with X-ray diffraction spectrometry, and diameter was determined by morphometric analyses, which indicated that fractured silica had a purity of 99.5% and a mean diameter of 3.7 m.
Cell culture. The JB6 P ϩ mouse Cl41 cell line and its transfectants Cl41 NFAT, Cl41 TNF-␣, Cl41 small interfering RNA vector (si)NFAT TNF-␣ mass1, and Cl41 siNFAT TNF-␣ mass2 were cultured in monolayers at 37°C, 5% CO 2, with 5% FBS MEM containing 2 mM L-glutamine and 25 g/ml gentamicin. The human lung bronchoepithelial A549 cell line and its NFAT-luciferase and TNF-␣-luciferase reporter transfectants were cultured in Ham's F-12K medium supplemented with 10% FBS, 2 mM L-glutamine, and 25 g/ml gentamicin. The cultures were dissociated with trypsin and transferred to new 75-cm 2 culture flasks twice a week. Generation of stable cotransfectants. Cl41 cells were cultured in a six-well plate until they reached 85-90% confluence. Five microliters of NFAT-luciferase or TNF-␣-luciferase reporter plasmid DNA, one microgram of NFAT3/pSuppressor or empty pSuppressor vector, and ten microliters of LipofectAMINE reagent were used to transfect each well in the absence of serum. After 10 -12 h, the medium was replaced with 5% FBS MEM without penicillin-streptomycin. Approximately 36 -48 h after the beginning of the transfection, the medium was replaced with 5% FBS MEM containing 500 g/ml G418. After selection for 28 -45 days with G418, the stable transfectants were identified by measuring the basal level of luciferase activity. Stable transfectants Cl41 siNFAT TNF-␣ mass1 and Cl41 siNFAT TNF-␣ mass2 were established and cultured in G418-free 5% FBS MEM for at least 2 wk before each experiment.
NFAT activity assay. Confluent monolayers of stable Cl41 transfectants were trypsinized, and 8 ϫ 10 3 viable cells suspended in 100 l of MEM supplemented with 5% FBS were added to each well of 96-well plates. Plates were incubated at 37°C in a humidified atmosphere with 5% CO 2 in air. After cell density reached 80 -90%, cells were exposed to silica at final concentrations as indicated in Figs 1  and 2 for NFAT induction. The cells were extracted with lysis buffer at selected time intervals after silica treatment, and their luciferase activity was determined with a luminometer (Wallac 1420 Victor 2 multilabel counter system) after the addition of 25 l of lysis buffer for 30 min at 4°C. The results are expressed as NFAT activity relative to controls (relative NFAT activity).
TNF-␣ induction assay. Confluent monolayers of stable Cl41 TNF-␣-luciferase reporter transfectants were trypsinized, and 8 ϫ 10 3 viable cells suspended in 100 l of MEM supplemented with 5% FBS were added to each well of 96-well plates. Plates were incubated at 37°C in a humidified atmosphere with 5% CO2 in air. After cell density reached 80 -90%, cells were exposed to silica at final concentrations as indicated in Figs. 3 and 4 for TNF-␣ induction. The cells were extracted with lysis buffer at selected time intervals after silica treatment, and their luciferase activity was determined with the luminometer after the addition of 25 l of lysis buffer for 30 min at 4°C. The results are expressed as TNF-␣ activity relative to controls (relative TNF-␣ induction).
Transient transfection. Two million A549 cells were plated into a 10-cm dish and cultured until 90% confluence. Transfection was performed with a LipofectAMINE 2000 kit from Invitrogen (Grand Island, NY), and 20 g of NFAT-luciferase or TNF-␣-luciferase reporter plasmid DNA was used. Twenty-four hours after the transfection, 2 ϫ 10 4 cells were plated into 48-well plates and cultured until ϳ80 -90% confluence. The transfectants were then exposed to silica for time periods as indicated in Figs Construction of siRNA NFAT expression vector. Specific siRNAs targeting mouse NFAT3/NFATc4 were designed with a siRNA converter and the website of Ambion (Austin, TX), according to the gene sequence in GenBank and the siRNA guideline and synthesized by Invitrogen. The target sequence was 5Ј-gccattgactctgcagatg-3Ј (bases 1409 -1427 of NM023699, mouse NFAT3 mRNA). The siRNA sequences were controlled via BLAST search and did not show any homology to other known human genes. The siRNAs were inserted into pSuppressor vector and verified by DNA sequencing. The siRNA vectors were designated as siNFAT3.
Western blot. Cl41 transfectants (2ϫ10 5 cells) were cultured in a six-well plate to 90% confluence. The cells were then washed twice with ice-cold PBS and extracted with SDS sample buffer. The cell extracts were separated on polyacrylamide-SDS gels, transferred, and probed with rabbit-specific antibodies against NFAT3, c-Jun, PKC-␣, and GAPDH. The protein band specifically bound to the primary antibody was detected with an anti-rabbit IgG-AP-linked ECF Western blotting system (Amersham Biosciences, Piscataway, NJ).
Statistical analysis. Student's t-test was used to determine the significance of differences of NFAT activities and TNF-␣ induction between silica-treated cells and medium control or various transfectants. Differences were considered significant at P Ͻ 0.05.
RESULTS

Induction of NFAT transactivation in CsA-sensitive manner in Cl41 cells by freshly fractured silica.
In previous studies, it was shown that exposure of cells to freshly fractured silica (40 -150 g/cm 2 ) is able to induce AP-1 activation in Cl41 cells (7) . To study the regulation of NFAT transcription activity in Cl41 cells after silica exposure, we generated a NFATluciferase reporter stable transfectant by cotransfecting the NFAT-luciferase reporter plasmid and the cytomegalovirusneo plasmid into Cl41 cells. Exposure of stable transfectant Cl41 NFAT mass1 to various doses of silica ranging from 5 to 40 g/cm 2 for 24 h resulted in a significant dose-dependent NFAT activation (Fig. 1A) . The induction of NFAT activation by silica exposure was further confirmed in a transient transfection assay in human lung bronchoepithelial A549 cells (Fig.  1B) . We noted that the silica dosage used did not show any observed cytotoxic effect on Cl41 or A549 cells (data not shown). These data indicate that silica exposure is able to cause NFAT activation in both mouse epidermal Cl41 cells and human lung bronchoepithelial A549 cells.
It has been demonstrated that in T cells, calcineurin, a calcium/calmodulin-dependent phosphatase, is the major NFAT activator (26) . To test the role of calcineurin in silicainduced NFAT-dependent transcriptional activity in Cl41 cells, CsA, a widely used pharmacological inhibitor of calcineurin, was used. As shown in Fig. 1C , pretreatment of cells with CsA abrogated NFAT transactivation induced by silica, indicating that calcineurin is required for silica-induced NFAT activation. These data suggest that silica activates NFAT transcription activity in Cl41 cells through a pathway that is similar to that in T cells.
Silica-induced NFAT activation is dependent on ROS generation in cells. When Cl41 cells were exposed to silica, ROS were generated. Pretreatment of cells with SOD or catalase was shown to scavenge O 2 Ϫ ⅐ or H 2 O 2 accumulation in cells, respectively, and to affect silica-induced AP-1 activation without changing cell viability (8) . Additionally, our previous findings in the same cell line (12, 14) demonstrated similar effects of SOD and catalase when the cells were subjected to vanadate exposure or UV radiation, indicating that SOD and catalase are able to get into Cl41 cells. To test whether ROS generation by silica was implicated in NFAT activation, dihydroethidium, a specific fluorescent dye for O 2 Ϫ ⅐, was first applied to Cl41 cells treated with silica to monitor ROS generation. As shown in Fig. 2A, the ROS have been indicated to be involved in various silicainduced signaling pathways (32, 33) . Therefore, it is reasonable to speculate that ROS generation may play a role in the NFAT activation caused by silica in cells. To examine this hypothesis, the effects of antioxidants on silica-induced NFAT activation were investigated. Cl41 NFAT cells cultured in 96-well plates were pretreated with antioxidants for 1 h, followed by silica exposure (10 g/cm 2 ) in the presence of the same reagents for 24 h, and luciferase activity was determined. As shown in Fig. 2B , pretreatment of cells with NAC, a general antioxidant, blocked silica-induced NFAT activation, revealing that ROS are involved in silica-induced NFAT activation. To further delineate which ROS played a role in NFAT activation, several specific ROS scavengers such as SOD, catalase, and sodium formate were used. Figure 2B shows that SOD, a O 2 Ϫ ⅐ scavenger, strongly inhibited silica-induced NFAT activation. In contrast, catalase, a H 2 O 2 -scavenging enzyme, dramatically enhanced silica-induced NFAT activation. Sodium formate, a ⅐OH radical scavenger, had modest effects on NFAT activation. These data suggest that O 2 Ϫ ⅐ plays a major role in NFAT activation by silica exposure.
Induction of TNF-␣ in Cl41 cells by freshly fractured silica in an O 2
Ϫ ⅐-dependent manner. It has been shown that exposure of macrophages to silica results in increased TNF-␣ mRNA 3 ) were seeded into each well of 96-well plates. After being cultured at 37°C overnight, the cells were exposed to different concentrations of silica as indicated (A) for 24 h in medium containing 0.1% fetal bovine serum (FBS); 2 ϫ 10 4 NFAT-luciferase reporter transient-transfected A549 cells were seeded into each well of 48-well plates. After being cultured at 37°C overnight, the cells were exposed to silica in the medium containing 0.1% FBS for the time periods as indicated (B) or Cl41 NFAT cells were pretreated with 1 M CsA for 1 h and sequentially exposed to 10 g/cm 2 silica for 24 h (C). Luciferase activity was then measured. Bars indicate means and SDs of triplicate assay wells. The results are presented as relative NFAT activity. expression and protein secretion (29) , but the induction of TNF-␣ at its transcription level by silica has not yet been investigated. To investigate whether silica can induce TNF-␣ transcription in Cl41 cells, we generated a TNF-␣ luciferase reporter stable transfectant by cotransfecting the TNF-␣ luciferase reporter plasmid and the cytomegalovirus-neo plasmid into the Cl41 cell line. As shown in Fig. 3A , exposure of Cl41 cells to silica resulted in a remarkable TNF-␣ induction at the transcription level. Maximum TNF-␣ induction by silica was shown at 10 g/cm 2 for 24 h, according to dose and time course studies (Fig. 3, B and C) . The results obtained from silica treatment in the TNF-␣-luciferase reporter transient transfection assay also showed TNF-␣ induction by silica in A549 cells (Fig. 3D) .
Previous studies have reported that ROS are involved in silica-induced TNF-␣ production in macrophages (11) . To investigate whether silica-induced TNF-␣ is also mediated by ROS in Cl41 cells, Cl41 cells cultured in 96-well plates were pretreated with antioxidants for 1 h, followed by 24 h of exposure to silica (10 g/cm 2 ) and measurement of luciferase activity. As was found in Cl41 NFAT cells, pretreatment of Cl41 TNF-␣ cells with NAC or SOD strongly inhibited silicainduced TNF-␣, whereas catalase enhanced silica-induced TNF-␣ and sodium formate had minimal effects on the induction (Fig. 3E) . These results are consistent with the effects of the antioxidants on silica-induced NFAT activation.
NFAT activation is required for silica-induced TNF-␣ transcription. Because NFAT is a transcription factor that can regulate TNF-␣ gene expression, the role of NFAT in silicainduced TNF-␣ was explored in Cl41 cells. We generated a stable transfectant with siRNA to NFAT3, which is primarily expressed in nonimmune tissues. As shown in Fig. 4A , introduction of NFAT3 siRNA dramatically reduced NFAT3 protein production compared with Cl41 TNF-␣ mass1 cells. Meanwhile, c-Jun, the major component of the transcription factor AP-1, and PKC-␣ were not affected, suggesting that the effect of NFAT3 siRNA was specific on NFAT. Specific knockdown of NFAT3 protein production by its siRNA resulted in a loss of silica-induced TNF-␣ transcription in the two siNFAT transfectants (Fig. 4B) . These findings were further confirmed in time course and dose-response studies (Figs. 4, C  and D) . We noted that reduction of silica-induced TNF-␣ transcription in Cl41 siRNA TNF-␣ mass1 was greater than that in Cl41 siRNA TNF-␣ mass2 cells (Fig. 4, B-D) , which was consistent with NFAT3 protein levels in the two mass cultures (Fig. 4A) . These data demonstrated that NFAT activation is required for silica-induced TNF-␣ transcription.
DISCUSSION
Crystalline silica is a documented carcinogen, but the molecular and cellular mechanisms involved in silica-induced pathogenesis are not fully understood (2, 17, 27) . In this study, we investigated the possible involvement of NFAT in silicainduced TNF-␣ transcription in mouse Cl41 cells. Exposure of Cl41 cells to silica resulted in a marked activation of NFAT as well as induction of TNF-␣. These responses also occurred in human lung bronchoepithelial A549 cells. In addition, we demonstrated that ROS are the mediators of silica-induced NFAT activation and subsequent TNF-␣ transcription. By using specific antioxidant reagents, we identified O 2 Ϫ ⅐, formed during the interaction of silica with the cells, as a major reactive intermediate responsible for silica-induced NFAT activation and TNF-␣ induction. Conversely, another ROS, H 2 O 2 , appeared to play a negative role in the induction. Furthermore, by using NFAT3 siRNA, we showed that NFAT activation is required for silica-induced TNF-␣ transcription. These results demonstrate that silica is a specific inducer for NFAT transactivation and this NFAT activation regulates TNF-␣ transcription in Cl41 cells.
The activation of NFAT includes dephosphorylation, nuclear translocation, and an increase in affinity for DNA binding (26) . In response to stimuli, calcineurin becomes activated. Activated calcineurin subsequently dephosphorylates the cytoplasmic NFAT proteins, leading to NFAT nuclear translocation. NFAT may form a heteromeric transcriptional coactivator complex with some other transcription factors in the nucleus to activate gene expression. We found here that exposure of Cl41 3 ) were seeded into each well of 96-well plates. After being cultured at 37°C overnight, cells were treated with 10 g/cm 2 silica for 24 h in medium containing 0.1% FBS (A). For a time course study, the cells were exposed to 10 g/cm 2 silica for various time intervals as indicated (B). For a dose-response study, the cells were exposed to different concentrations of silica as indicated for 24 h (C). For the study of TNF-␣ induction in A549 cells, 2ϫ 10 4 TNF-␣-luciferase reporter transient-transfected A549 cells were seeded into each well of 48-well plates. After being cultured at 37°C overnight, the cells were exposed to silica in medium containing 0.1% FBS (D). For a study on the effects of the antioxidants on silica-induced TNF-␣, the cells were pretreated with indicated antioxidants for 1 h and then treated with 10 g/cm 2 silica for 24 h (E). (5, 9) . In addition, chemical reagents such as sodium formate can scavenge ⅐OH radical effectively. Previous studies have suggested that ROS could act as regulators of signal transduction and may have unique roles (18) . Accumulating evidence has suggested a vital role of ROS in mediating cellular responses to various extracellular stimuli (18) . It has been demonstrated that crystalline silica is a potent stimulant of ROS production (32, 33) . Interestingly, silica-induced oxidative stress can activate spe- cific transcription factors including NF-B and AP-1 (7, 8, 29) . Moreover, it was also reported that silica triggers phosphorylation of MAPKs including ERKs and p38 through ROSmediated reactions (7). In those studies, H 2 O 2 was shown to be specifically responsible for silica-induced NF-B and phosphorylation of MAPKs. Involvement of ROS in NFAT activation in T cells was first demonstrated by the observation that treatment of T cells with dithiocarbamate resulted in the inhibition of NFAT activation and NFAT-mediated cytokine gene expression (20, 30) . More recent studies also showed that intracellular H 2 O 2 levels were associated with vanadium-or nickel-induced NFAT activation (12, 13) . In the present study, we demonstrated that silica exposure generated ROS in Cl41 cells and ROS regulated NFAT activation induced by silica. However, we showed that O 2 Ϫ ⅐ was involved in silica-induced NFAT activation, whereas H 2 O 2 seemed to play a negative role. The evidence comes from the observations that 1) silica exposure caused increase of O 2 Ϫ ⅐ production in cells, and addition of SOD depleted O 2 Ϫ ⅐ generation; 2) NAC (a general antioxidant) blocked silica-induced NFAT activation; 3) SOD (converts O 2 Ϫ ⅐ to H 2 O 2 ) inhibited silica-induced NFAT activation; and 4) catalase (converts H 2 O 2 to H 2 O) dramatically increased silica-induced NFAT activation. Recent studies have reported that multiple protein kinases, including MAPKs (ERKs, JNKs, and p38), glycogen synthase kinase-3␤, and PKA were able to phosphorylate NFAT (1, 3, 10, 25, 26, 35) . Phosphorylation of NFAT by these kinases opposed nuclear localization of NFAT either by promoting nuclear export or by impeding nuclear import that is a key step for NFAT inactivation. Specifically, it has been shown that the p38 can phosphorylate NFAT3 and contribute to the inactivation of NFAT3 (36) . Silica has been shown to induce H 2 O 2 -mediated p38 phosphorylation in 15 min, and its maximal activation was obtained at 2 h after silica exposure (7) . Therefore, it is plausible that when cells were treated with silica alone silicagenerated O 2 Ϫ ⅐ resulted in NFAT activation. However, in the presence of SOD, the rapid conversion of O 2 Ϫ ⅐ to H 2 O 2 by SOD led to the accumulation of H 2 O 2 in silica-exposed cells. Immediately, H 2 O 2 may activate p38, which subsequently phosphorylates NFAT, leading to its inactivation. On the other hand, the depletion of H 2 O 2 by catalase in the silica-exposed cells caused a significant enhancement of NFAT activation. Additionally, scavenging of ⅐OH by sodium formate may result in a modest effect on cellular H 2 O 2 and contribute to slight NFAT activation. Thus it appeared that H 2 O 2 negatively regulated the signaling pathway(s) for NFAT activation.
TNF-␣ is a critical mediator in the pathogenesis of silicosis, is associated with effective immune and inflammatory responses, and may be related to cancer development. It has been shown that silicosis is absent in TNF-␣ knockout mice and anti-TNF antibody can effectively prevent the occurrence of silicosis (22) (23) (24) . In macrophages, silica has been shown to induce TNF-␣ mRNA expression and protein release, in which H 2 O 2 and NF-B were involved (29) . In this study, we showed that exposure of Cl41 cells to silica resulted in strong induction of TNF-␣ at its transcription level. Interestingly, as with NFAT activation in silica-exposed cells, O 2 Ϫ ⅐, but not H 2 O 2 , was responsible for the mediation of silica-induced TNF-␣ transcription. It is known that NFAT plays an essential role in TNF-␣ gene expression, and four NFAT-binding sites in the TNF-␣ gene promoter region have been identified (34) . The data obtained with NFAT3 siRNA in this study demonstrated that the knockdown of NFAT3 by its specific siRNA significantly attenuated the TNF-␣ transcription induced by silica, strongly suggesting that NFAT activation is required for silicainduced TNF-␣ transcription. It should be noted that the increase of NFAT activity by silica is dose dependent within a dosage range from 5 to 40 g/cm 2 , whereas the induction of TNF-␣ decreases at higher doses of silica (Ͼ20 g/cm 2 ). The explanation for this could be that higher doses of silica exposure also induce other inhibitory signaling pathways, which may cause the downregulation of TNF-␣ induction. On the basis of the evidence provided from this study as well as previous studies in the literature, we propose the model for silica-induced NFAT activation and TNF-␣ shown in Fig. 5 .
In conclusion, this study showed that silica is able to induce NFAT activation in Cl41 cells and O 2 Ϫ ⅐ generation by silica was critical for its activation, which mediated silica-induced TNF-␣ transcription. These results will help us to further understand the molecular mechanisms of silica-induced diseases.
